Background: The test and treatment for benign paroxysmal positional vertigo (BPPV) are evidencebased practices supported by clinical guideline statements. Yet these practices are underutilized in the emergency department (ED) and interventions to promote their use are needed. To inform the development of an intervention, we interviewed ED physicians to explore barriers and facilitators to the current use of the Dix-Hallpike test (DHT) and the canalith repositioning maneuver (CRM). Methods: We conducted semi-structured inperson interviews with ED physicians who were recruited at annual ED society meetings in the United States. We analyzed data thematically using qualitative content analysis methods. Results: Based on 50 interviews with ED physicians, barriers that contributed to infrequent use of DHT/ CRM that emerged were (1) prior negative experiences or forgetting how to perform them and (2) reliance on the history of present illness to identify BPPV, or using the DHT but misattributing patterns of nystagmus. Based on participants' responses, the principal facilitator of DHT/CRM use was prior positive experiences using these, even if infrequent. When asked which clinical supports would facilitate more frequent use of DHT/CRM, participants agreed supports needed to be brief, readily accessible, and easy to use, and to include wellannotated video examples. Conclusions: Interventions to promote the use of the DHT/CRM in the ED need to overcome prior negative experiences with the DHT/CRM, overreliance on the history of present illness, and the underuse and misattribution of patterns of nystagmus. Future resources need to be sensitive to provider preferences for succinct information and video examples.
E vidence-based practice to diagnose and treat benign paroxysmal positional vertigo (BPPV) is established by clinical guideline statements based on randomized controlled trials. [1] [2] [3] [4] The gold standard test for BPPV is the Dix-Hallpike test (DHT), with the positive result indicated by its hallmark pattern of nystagmus: triggered and transient, upbeating-torsional. The treatment is a canalith repositioning maneuver (CRM) (e.g., the Epley maneuver) (videos available at Neurology.org/cp).
Despite the evidence base, prior research indicates the DHT and CRM are substantially underused in emergency department (ED) dizziness visits. 5 Patients with BPPV who are not treated with the CRM are often unnecessarily disabled for weeks or longer because of their symptoms. 6 In addition, patients with BPPV often needlessly undergo other tests. 3, [5] [6] [7] The reasons for the underuse of DHT and CRM have not been well-studied. Misconceptions regarding nystagmus patterns likely exist because ED providers often document nystagmus patterns that conflict with their rendered diagnosis. 8 Previous interview data on the general topic of dizziness also suggest that providers overemphasize portions of the history of present illness. 9 Thus, interventions to increase appropriate use of the DHT and CRM are needed. The aim of this study was to identify current barriers and facilitators to the use of the DHT and CRM in the ED to inform the design of such an intervention.
METHODS

Sampling and recruitment
We recruited and interviewed emergency medicine physicians from exhibit hall booths at 2 meetings: American College of Emergency Physicians, October 2013, and American Academy of Emergency Medicine, February 2014. Recruitment methods included posters, preconference emails, flyers within registration materials, and a $50 incentive. 10 Interview guide development and data collection To develop topics and questions for the interview guide, we devised a conceptual model, based on the Theory of Planned Behavior (TPB), 11 of factors contributing to the use of BPPV processes. TPB posits that the most substantial predictor of behavior is the intention to perform it. 12, 13 The key determinants of behavioral intent are attitudes, subjective norms, and perceived control. 12 We identified several factors influencing these, including outcome expectations, perceived threats, knowledge, culture, training, clinical inertia, personality, incentives, convenience, and prior experiences with dizziness patients and the use of the DHT and CRM. These topics, along with preferences for interventions, were incorporated into the interview guide. Probes were used to encourage greater detail and clarifications.
14 Semi-structured interviews were performed in-person. Data were collected regarding career stage, region of practice, and training of residents. The interviews started with general questions about clinical experiences with dizziness patients. Next were questions specific to BPPV and the DHT/CRM. Interviews were performed by one of the investigators (KAK, WJM) or project staff (PJ), after training by our qualitative research expert (JF). Based on preliminary analysis after the first meeting, the interview guide for the second meeting was updated including the use of video examples of nystagmus and knowledge questions regarding the following hallmark patterns of nystagmus: positionally triggered, transient, upbeating-torsional nystagmus (hallmark pattern of posterior canal BPPV); unidirectional spontaneous horizontal nystagmus (hallmark pattern of vestibular neuritis); and bidirectional gaze-evoked nystagmus (hallmark pattern of a CNS lesion).
Data analysis
Interviews were transcribed verbatim and analyzed using NVivo version 10 (QSR International, Melbourne, Australia). Two authors (KAK, WJM) identified themes using qualitative content analysis. 15 An initial list of codes was generated based on the interview guide. Using constant comparison, a codebook was developed iteratively. Initial coding was performed by 3 authors (KAK, WJM, PJ). After intercoder agreement was established, the remaining interviews were coded by one author (PJ). Two authors (KAK, WJM) developed findings through memoing of emerging themes throughout the research process, review of code reports, and team discussion. All authors (comprising a multidisciplinary team of physicians, an experimental psychologist, and a qualitative researcher) reviewed the findings. The consolidated criteria for reporting qualitative research (COREQ) guided our study design, data collection, and analysis (appendix e-1). 16 Standard protocol approvals, registrations, and patient consents Institutional review board exemption was received for the study from the University of Michigan.
RESULTS
The study sample was 50 emergency medicine physicians, 26% of whom were women. Stage of career was early for 46%, mid for 36%, and late for 18%. Region of practice was 32% Northeast, 28% South, 24% Midwest, and 16% Western United States. Fifty-six percent reported currently teaching residents. Median interview duration was 18 minutes (interquartile range 16-22). Four major themes emerged regarding barriers or facilitators to the use of the DHT or CRM. Themes, representative quotes, and research comments from in-depth semi-structured interviews are available in tables 1-4.
Theme 1: ED physicians infrequently use the DHT or CRM because of prior negative experiences or difficulty remembering how to perform them For more details on theme 1, see table 1. 
Negative experience of lack of benefit: "So we used to do it in residency it's like a teaching thing. You do it and they tell you that a lot of times it helps patients but I never had a patient that, you know.I never had an experience where the patient felt better. So I just stopped." (A19)
Negative experience of worsening symptoms: "As part of residency you were taught about Dix Hallpike maneuver and Epley maneuver but a lot of the patients just feel worse after doing those maneuvers. So, we actually abandoned them. You know when I was in residency, we used to do it a lot more." (A18)
Difficulty remembering how to perform DHT/CRM: "Any time I go to attempt them I'd have to YouTube it to remember it." (A25)
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The typical negative experience was the DHT and CRM not being useful for determining the diagnosis or influencing the management or outcome of patients. Reliance on the HPI Interviewer: "How do you distinguish BPPV from vestibular neuritis?"
Participant: "So really for BPPV, really, a couple things, it has to be positional, and it really should be intermittent. Whereas vestibular neuritis, it's going to be more constant usually it's going to have some other factors. Again, I think the really, get the good history of positionalness, intermittentness, to me kind of makes the difference based on the history." Participant who demonstrated expert knowledge of BPPV expressing frustration in teaching others: "I just can't break through.I'll tell them when I do it with them that these are the things that you look for; you know the delayed onset and the brevity of event and type of nystagmus that you're going to see. And they still don't document correctly." (B22)
Difficulty determining direction/vector of nystagmus: "I have a hard time differentiating fast, slow, which one they consider fast, slow phase and if you can differentiate it." (A13)
Difficulty determining direction/vector of nystagmus: "I know I'm supposed to remember which way it's supposed to be, but as long as it's beating pretty hard and they feel pretty bad, I call it." (A06)
Comments regarding video example of vestibular neuritis pattern nystagmus: Participants typically mentioned BPPV in their differential diagnosis of dizziness presentations, were aware of the DHT and CRM, and 90% had used these previously. However, the DHT and CRM were either infrequently used, even in cases of suspected BPPV, or not used at all by most participants, typically because of negative past experiences. Some participants said they stopped using them because it took too much time.
The typical negative experience was the DHT and CRM not being useful for determining the diagnosis or influencing the management or outcome of patients. Referring to DHT, one physician said, "So, I think I've probably tried several times and it didn't help, so I stopped doing it" (A15). Regarding use of the CRM, another participant said, "I think I haven't done it in a while because I had such a negative experience with it. I've seen the Epley maneuver and I've performed Epley maneuvers on non-sick patients.just practicing. There are YouTube, or I think the Annals, maybe the New England Journal, have a video on how to do the Epley maneuver. I think I'm doing it right. It's not successful in my case series. When I have a neurology attending do the exact same thing.thinking they are more expert at it, I still don't see patient improvement" (A13).
Some participants described experiences of the DHT or CRM worsening patient's symptoms. One participant stopped using the DHT after a memorable experience: "I did it on someone who complained about it to be perfectly honest. And they vomited after the maneuver. And I got a complaint, 'Why don't [you] stop doing it.' It affected my behavior. I was asked to stop doing it." (A02) For some, the negative perception against the DHT/ CRM was very strong. One participant recalled a colleague saying "The road to hell is paved with people doing the Dix-Hallpike maneuver" (A22).
Other participants did not use the DHT or CRM because of difficulty remembering the proper techniques. One participant described numerous efforts to learn and remember them: "In the last 20 years, I must have learned it a dozen times.it's one of those things like.I may learn it and if I don't use it, then a month will go by and I need it, and then "what the heck did I do?" And one of the neurologists that we have on staff.he does the Epley maneuver all the time, and he's constantly trying to show it. And I just can't seem to get it through my thick skull, how to do it and when to use it, and I'd like to" (B07).
Theme 2: ED physicians inappropriately rely on the history of present illness (HPI) or use the DHT but misattribute patterns of nystagmus For more details on theme 2, see table 2.
Participants overwhelmingly relied on the HPI and particularly the type of dizziness (e.g., vertigo, lightheadedness) when considering causes of dizziness. One participant said, "The first thing I do is really try to nail down, is this vertigo, is this lightheadedness, or what do you mean when you say dizziness? Because I think that's my first branch" (A14). Participants generally focused on discriminating episodic symptoms vs constant symptoms, and positional triggers of symptoms when considering the possibility of BPPV. Participants' overreliance on the HPI was particularly apparent when asked how they distinguish BPPV from vestibular neuritis. One participant said, "[For vestibular neuritis] I'm expecting some preceding viral prodrome or those sorts of things. If you don't have any other symptoms aside from the dizziness and if it's, you know, head movement causes my symptoms, then it definitely lends me to thinking it's BPPV" (A21). Some participants used simple heuristics: "I tend to call it BPPV if I think it is an isolated vertigo without accompanying symptoms" (A10). Even when prompted to describe examination elements that distinguish these entities, participants were generally either not able to describe any (e.g., "Not that I remember") or reinforced their reliance on HPI: "So, there really isn't any physical finding beyond that with respect to the history" (B05). Other participants expressed apathy regarding identifying key components of BPPV or discriminating BPPV from vestibular neuritis and instead focused exclusively on identifying signs of a central lesion.
The HPI items were generally less relied on specifically for identifying central causes of dizziness and making decisions about the use of neuroimaging. Some participants did emphasize information about the onset characteristics (e.g., suddenness of onset, lack of positional components), other central symptoms, and the type of dizziness, with vertigo less likely to be central and disequilibrium or lightheadedness more likely to be central. However, the information most relied on to identify central disorders was older age ("If you're 80 and dizzy, you're getting a CT. If you're 30 and dizzy, you're almost never getting one" [B19]), general neurologic examination abnormalities (particularly coordination and gait abnormalities: "Can't walk, you can't go home" [A03]), presence of cardiovascular risk factors, lack of prior similar symptoms, and the lack of symptom improvement during the ED visit. Neuroimaging was considered a key part of identifying central disorders, though limitations to both CT and MRI were often expressed: "CAT scans aren't sensitive, MRIs take forever" (B15). A nystagmus assessment was infrequently mentioned as a key part of identifying central causes of dizziness. When used, participants said vertical or rotary nystagmus indicated a central disorder whereas horizontal or fatiguing nystagmus indicated a peripheral disorder. A few participants mentioned the head impulse test; however, these people reported difficulty with the test ("Its kind of hard to do that damn test" [B22]) or misconceptions interpreting it.
When participants did use the DHT to diagnose BPPV, their interpretation of the test was often based on whether it elicited dizziness symptoms without regard to nystagmus. Further, when nystagmus was included in the interpretation of the test, participants often considered only its presence or absence, without regard to its vector or other features (e.g., duration), or incorrectly specified the typical BPPV nystagmus characteristics. Some participants expressed difficulty in recognizing features of nystagmus. One participant said, "It's really hard to do. Which direction the fast component is, sometimes helps, although again it's very difficult in the ER to do. It's almost a yes there, not noted, nothing there at all. I don't have very good luck doing, you know, fast to slow nystagmus, one way or another" (A16). After being shown videotapes of hallmark patterns of nystagmus, participants nearly always incorrectly attributed The one participant who demonstrated an expert level of ability in distinguishing BPPV and vestibular neuritis described experiences with colleagues this way: "Even my colleagues don't understand vertigo. They don't understand the simplest distinctions between benign positional vertigo and the other peripheral vertigos vs central. Our textbooks in emergency medicine tend to be wrong about certain particulars and the fault lies mostly in trying to lump benign positional vertigo discussions with the other peripheral vertigos." This participant also expressed frustration in teaching others at the bedside, stating: "I just can't break through" (B22). Only a few participants reported occasional or routine use of the DHT/CRM in dizziness patients, all of whom described positive prior experiences. The positive experiences included using the DHT to successfully diagnose BPPV or seeing patients improve, often dramatically, after use of CRM. One participant said, "Certainly my most successful patient was my mother.I did the Epley maneuver and she got dramatically better" (A03). One participant exhibited an expert level of knowledge related to diagnosing and treating BPPV and reported using the DHT/CRM "all the time." This participant emphasized how frequently the DHT helped distinguish among the various possible causes of dizziness, and specifically to identify BPPV based on the hallmark elicited pattern of nystagmus. He stated not needing to order other tests when the DHT was positive as another positive experience. However, among the other participants who described positive experiences, nearly all misattributed hallmark patterns of nystagmus. One participant who believed the DHT was helpful, but not the CRM, incorrectly reported that "horizontal nystagmus" indicated a positive DHT for BPPV (A02).
We explored several other factors that might influence DHT or CRM use. Social norms did not facilitate use because the few frequent users of the DHT or CRM reported that most of Table 3 Theme 3: Positive prior experiences with the Dix-Hallpike test (DHT)/canalith repositioning maneuver (CRM) facilitated DHT/CRM use Positive experience: "You know like the Epley maneuver or, I mean, in my department, the first time I show up this hospital, I did the Epley maneuver, these nurses are, 'huh'? And this doc that was there had never done one and he's this older IM trained and you know, the patient walks out content and instead of sitting there all day, yeah, small little place, you've been there multiple times for the same thing and Meclizine ain't working doc. She was miserable. She went home happy." (B6)
For some people, these were very rare positive experiences: "But I have had one successful patient recently where I was able to successfully cure BPPV with the Epley maneuver in the emergency department. So that was tremendously rewarding. But I've only had that experience a handful of times." (A22)
Positive experience with DHT as diagnostic tool: "I think when you get that diagnosis it's very gratifying because you can say I've taken this vague complaint that you can't really find symptoms other than a positive Dix-Hallpike maneuver or symptom or someone says oh I'm symptomatic now so you get this a lot of ambiguity about their complaints it tends vague and if you can capture the right diagnosis with testing then it becomes very gratifying in the fact that ok this is non-lifethreating, nondangerous. I can make a clear disposition without any concerns for or minimal concerns for bad outcome." (A10)
Positive experience with CRM: "Yeah you know, I've seen my residents eyes light up when just recently when we did it. And so I know that particular resident saw that positive experience and saw the patient's sort of gratitude is going to do it again. And the reverse is that you know we've made someone throw up and they hated us for it. Something like that and it's the other way around too. They'll probably never do it." (B05)
their colleagues were not users. There was very little awareness of published BPPV clinical guidelines or the CRM CPT billing code among users and nonusers. Prior training in residency or from continuing medical education did not seem to contribute to positive experiences or facilitate DHT/CRM use since many participants who described negative experiences also reported prior training. The participant exhibiting expert knowledge in BPPV learned about the DHT/CRM from a textbook on vestibular disorders, which he read because of being "fascinated by neurology" (B22). Participants preferred clinical tools and resources that are brief, readily accessible, and easy to use. One participant said, "Just drill it down to something that's short and sweet and not a lot of fluff, and gets me the information I need in a short amount of time" (B07). Some participants said they would use educational resources outside of work hours to learn more about BPPV, but most said they would likely use them at the point of care. Some participants expressed an interest in more in-depth background material but most agreed that educational approaches should take less than 10 minutes to complete.
Participants preferred video-based resources and often sought these out. Many participants specifically mentioned searching YouTube for instructional videos, including for the DHT/ CRM. Participants liked using videos for personal learning, and for teaching residents, colleagues, and even patients. Regarding nystagmus, participants preferred having multiple video examples so they could compare and contrast different patterns of nystagmus. Participants also said that videos should be well-narrated or annotated so that key features are clear. One participant, who misattributed the examples of nystagmus patterns, highlighted the value of video examples: "That was pretty dramatic 'cause that's something I didn't know, and I didn't know I didn't know it. So it was all the better [way] to teach me" (B10). The one participant who demonstrated expert knowledge in BPPV and frustration teaching others said: "I think that [video examples of nystagmus patterns] can help especially with some good video images that describe what you're trying to get across" (B22).
In terms of platform, participants generally favored smartphone apps over websites because apps would be more readily accessible for regular use, especially because some websites may be restricted at work. Other factors often mentioned were the importance of endorsement by a trusted source including links to key studies that contributed to the evidence base.
When asked about the value of in-person training sessions, participants said CME sessions were memorable when the speaker was dynamic and used humor. In addition, participants expressed a preference for hands-on training experiences.
DISCUSSION
We identified negative past experiences with the DHT or CRM as the most common barrier to providers currently using them. Negative experiences included a perceived lack of benefit of the DHT to the diagnostic assessment, lack of patient benefit from the CRM, and worsening of the patient's symptoms. We also found that ED physicians inappropriately rely on HPI information to identify BPPV and generally do not consider nystagmus in the decision-making process or they misattribute patterns of nystagmus. These additional factors are barriers to the current use of the DHT and CRM likely by directly relating to negative experiences. Overreliance on the HPI and not properly incorporating a nystagmus assessment would lead providers to incorrectly select patients for the DHT and CRM, which in turn would set them up for negative experiences.
Our finding of the infrequent use of the DHT and CRM by frontline providers is consistent with prior medical record review and patient survey research. 5, 6, 17 Our findings also affirm prior research that found ED providers frequently misattribute patterns of nystagmus based on documented nystagmus descriptions that conflict with the peripheral vestibular disorders they diagnose. 8, 18 Our participants were generally not able to provide details about the characteristics of nystagmus that distinguish BPPV from vestibular neuritis, or they incorrectly attributed nystagmus characteristics to the specific disorders. This could easily lead physicians to attempt the DHT or CRM in patients with non-BPPV disorders such as vestibular neuritis. The use of the DHT or CRM in patients with vestibular neuritis, for example, would be expected to result in symptom exacerbation without any potential for benefit. Participants also typically misattributed the hallmark BPPV pattern of nystagmus to a central disorder. This finding means that opportunities could also be missed to use the CRM in the circumstance when it is most likely to help.
Overreliance on the HPI in the identification of BPPV is another factor that could directly lead to negative experiences. Patients are often vague and unreliable in reporting their dizziness type, 19 and types of dizziness are not valid discriminators of common causes of dizziness. 19 Overreliance on other HPI elements, such as timing and triggers, is also a problem since BPPV and non-BPPV patients can report similar characteristics. 20 If ED providers are too inclusive in using the HPI to identify BPPV, then negative experiences with the DHT and CRM could result. Conversely, if providers are too restrictive in using the HPI, then they could miss opportunities for positive experiences.
Educational or reminder interventions aiming to promote DHT/CRM use will need to be brief, readily accessible, and easy to use at the point of care. To facilitate proper DHT/CRM use, video examples of hallmark patterns nystagmus will likely be necessary. Because providers often report difficulty identifying the direction of nystagmus, it may be more effective for them to focus on recognizing the triggered (i.e., no nystagmus at rest but triggered by the DHT) and transient nature of BPPV nystagmus. To reduce the chance of performing the DHT on the wrong patients, an intervention will need to convey the important step of first assessing the patient for spontaneous and gaze-evoked nystagmus before deciding whether to perform the DHT.
The limitations of this study include that our findings may not represent the full range of ED provider experiences. Responses to interview questions could have been biased by perceptions of social desirability. Additional important barriers or facilitators may have been missed.
Interventions aimed at increasing appropriate use of the DHT and CRM need to promote appropriate nystagmus assessments in selecting patients for the DHT and CRM and also to reduce provider overreliance on the HPI. Interventions should include annotated or narrated nystagmus videos, be brief and easy to access at the point of care, and incorporate hands-on training opportunities if possible.
